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SUMMARY

The U.S. Department of Energy (DOE) is supporting the U.S. advanced reactor industry through funding,
legislation, and regulatory development to actively pursue several microreactor design concepts.
Microreactors are very small nuclear reactors with a poaatput of 20 MWe or less and are designed to be
factory-built, modular in nature, and highly portable. This report, led by INL and supported by PNNL, identifies
options for the transportation, management, and disposition of microreactor spent nuclebfSt-)

generated in the demonstrations of microreactor technology.

The details of any component of an identified transportation, management, and disposition option are highly
microreactor design specific, and, as such, those details are not providedhhteeabsence of

comprehensive design information on a particular microreactor. Thus, the approach taken is to present a
general overview of transportation, management, and disposition options, the regulations pertinent to
transportation, management andsposition, and options for onsite transportation and management of
microreactor SNF at INL. This approach is viable due to the variety in potential microreactor SNF based on
open literature information, being reflected in the diverse nature of EX@Bed $F currently managed at

INL, making it highly probable that DOE currently manages fuels that are analogous to most microreactor fue
concepts and have transported such fuel under normal operations.

Transportation options for microreactor SNF can be categdrunder two broad scenario setsseparate

from the microreactor or together with the microreactor, within the microreactor envelope. Both scenarios

are subject to the regulations related to the transport of fissile and radioactive. The first scendits se

within the current paradigm for SNF transport and represents a well characterized operation for a wide variet
of fuel types. The second scenario set represents a significant paradigm shift away from the existing paradigr
and would require significa effort to achieve. Probabilistic risk assessment has been identified as a potential
method that could be used to demonstrate the equivalent safety of transporting microreactor SNF within the
microreactor envelope.

Microreactor management options inclu@ddl processes necessary to support safe and secure storage of the
spent microreactor fuel in a configuration that is ready for transport to a permanent repository. This includes
options for interim storage, treatment, material recovery, packaging andneddd dry storage pending final
transport to a permanent repository. INL currently safely manages a wide variety ebWwade SNRand

several existing INL facilities and capabilities as well as new facilities developed as part of the microreactor
program,dNJ I & LI NI 2F 5h9Qa 2@0SNIff aGNraGaS3e F2NI LI O]
management of SNF generated in demonstrations of microreactor technology.

As demonstrative casesyo proposedmicroreactor fuels were selectedthe ProjectPele microreactor and

Lb[ Qa4 aAONRBNBIFIOG2NI ! LILX AOIFGA2ya wSaSkNOK +FfARIF
microreactor is a , 3 MWe TRISO fuel based hitgmperature gas reactor and the MARVEL microreactor
design concept is a sodidcooled 20 kWe reactor utilizing a sodium bonded fuel design. INL currently has
within its SNF inventory, examples of analogous SNF in the Peach Bottom and Fort St. Vrain TRISO based fi
andthe Fermim | YR 9. wmLL &a2RAdzY 0 2toRédRmahadggsnent dponslang iell O K
understood. As such it is expected that INL can safely manage, and transport similar microreactor fuel types.
As with all SNF at present, the question of permanent disposition of microreactor SNF is directly depandent c
the identification and licensing of a permanent repository for SNF in the United States. However, given the

diversity of existing SNF that must be prepared and packaged for direct disposal, it is not anticipated that
microreactor fuels will pose any neshallenges.
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Future microreactor transportation work should be focused on building the framework for a transportation
PRA that would provide the basis for approving the transport of microreactor SNF within the microreactor
envelope by transportation regulats. It is recommended that the framework first be developed for onsite
shipment at a DOE site, before expanding to offsite transportation requiring NRC approval, with the ultimate
goal of achieving international transport which would require approvalfof@ign competent authority.

Future microreactor SNF management and disposition work should be focused on structural, thermal,
shielding, criticality and other necessary analyses that will inform the identification of concrete options for
each step of tb management process. The objective being, to arrive at microreactor SNF in a configuration
that is ready for transportation to an independent spent fuel storage installation or permanent repository.

The details of any transportation, management, and dgfon plan are highly microreactor design specific
and the necessary investigation, evaluation and analyses can only be performed once this information is
available. As such, detailed microreactor design information, including geometries, configurataiasals,
and material properties are key to perform a more detailed assessment of the transportation and

management options identified thus far.
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1. INTRODUCTION

According to the U.S. Nuclear Regulatory Commission (NRC), advanced reactors involve designs that levera
coolants such as molten salt, hitgmperature gas, and liquid metal as opposed to traditional hghter

reactors that use water in primary and sedary heat exchange loops. Advanced reactor designdesigned

to beinherentlysafer, incorporating features such as reduced reactivity with increasing temperature. Some
designamay not require safetyelated backup electrical systems to operate. Adsathreactor designs are

being considered that will offer a broad range of sizes and associated applispgoific power outputs, from
more than 1,000 megawatts (like traditional reactors) down to a single megawatt for more niche applications.
This will #ow for the selection and tailoring of the application to be performed based on specific or localized
energy demands.

A subset of these advanced reactors, providing 20 megawatts electrical (MWe) or less, are commonly referre
to as microreactors. Microrezors are very small nuclear reactors designed to be fadboiil, modular in

nature, andportablet whether by road, rajlbarge or air. The reactor can then be assembled on site to

provide electric, process heat, or higlality steam for industrial apjgations. Microreactor applications

include power for remote locations, mobile backup power, mining operations, military installations, space
missions, desalination, and emergency power supplies in support of disaster relief operAsangesult,
microreactors areypically intended for independent operation in effid remote locations but can also be
operated as part of a local microgrid

The U.S. Department of Energy (DOE) is supporting the U.S. advanced reactor industry through funding,
legislation,and regulatory development to actively pursue several microreactor design concepts. The U.S.
Department of Defense @D) is also increasingly pursuing a microreactor design conagjis military
operations become more energy intensive and require pagadense power sources. Remote rural
communities that rely on diesel generators for electricity are also considering microreactors as a source of
reliable, zerecarbon energy capable of operation for several years without refueling.

For a variety of reams, Idaho National Laboratory (INL) is strategically positioned to sufyort
demonstration of microreactor technology due to its weditablished track record of nuclear facility
operations. INL has wordass nuclearesearch and developmemixperimenal facilities and capabilities to
support demonstration needs, a walharacterized site with a controlled emergency planning zone and
mechanisms for the necessaxRrdicensingand DOEauthorization of its facilities as appropriate. As a result,
reactordesign entities are collaborating with INL to develop and test microreactors with the intent of near
term demonstrationsTwo examples of microreactor concepts working towards near term demonstration at
Lb[ FINB GKS t NB2SOUG t Sreastor XgplbatidhdBese@rcha/alitiatioyf ahd Evaljatda
(MARVEL) microreactor.

The microreactor being designed and developed for Project Pele ¢s3aMWe tristructural isotropic (TRISO)
fueled hightemperature gas reactor (HTGR) that will use Faghy low-enriched uranium (HALEU) as the fuel
composition.The design concept requireseall ruggedized mobile nuclear reactor titain be fullyenclosed

AY F all yRIHOMBIS@SNIG ANBSRA KN D2y i F Ay SN RdzS th2 GKS !
deploying these container§uch areactorwoul - { S G KS 525Q& R2YSadAO Ay TN
electric grid attack and fundamentally change the logistics of Overseas Contingency Operation®d¢®dy)
making higher density energy sourcesidable and by drastically simplifying the complex fuel logistic lines,
which currently support existing power generators operating mostly on diesel fuel. It would enable a more
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rapid response during Humanitarian Assistance and Disaster Relief (HADRipaperad could also

reinvigorate the commercial nuclear industry through commercial investment and development of demand
centric, modular, and scalable high energy density power for industrial and technology parks or other localize
need.Figurel illustrates TRISO fuel particles, fuel compacts, prismatic graphite blocks, and spherical fuel
pebbles.

TheMARVEL microreactaiesign concept is a sodiuoooled 20 kWeeactor utilizing a SNAFOA reactof

style pin design. ThMARVEMesign concept usessodiumbonded uranium zirconium hydride (UZrH) fuel
design that also usds$ALEU. It is specifically targeted to provide a test platform for component and subsystem
dewelopment as welasdemonstration. It will be utilized to elevate the technology readiness level of nuclear
derived electric power generation and associated enhancing technoldg®RVEILs currently anticipated to

be a fixed reactor definition that takeslvantage of an accommodating research and testing safety
environment. Its components are envisioned to be shop fabricated and delivered by truck. Final assembly,
fueling, and operation will be conducted within the research and testing safety environfiguote2

illustrates a SNAROA fuel pin.

60 mm

5 mm

TRISO particle

Spherical fuel pebbles

~12 mm

—

LS

Prismatic graphite blocks

0.8 -1.0 mm

Cylindrical fuel compacts

Figurel. TRISO patrticles, fuel compacts, prismatic graphite blocks, and spherical fuel pdixelsoicz et
al. 2019)
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Figure2. SNAPLOA fuel pin schematic. (Golding 1967)

In support of such demonstratior@d any subsequent microreactor or advanced reactor concépspDOE
Office of Nuclear Bergy(DOENE)is supportingesearch and development as well as programmatic efforts in
multiple areas related to microreactor technology. This includes the safe and seanseortation,
management, and dispositiasf spent nuclear fuel (SNF) generated in microreactor technology
demonstrations.The purpose of this report is to identify options for ttransportation, management, and
disposition ofSNF generated in demonstrationsroifcroreactor technologyTransportation will include both
onsite and offsite transport of SNManagement andlispositionwill include all theprocesses necessary to
supportthe safe and secure storage of thacroreactor SNk a configuratiorthat isready fortransportation

to an independent spent fuel storage installation (ISBSpermanentrepository.This establishes the scope of
this report to only include microreactor fuel that has been declared spent and waiting final dispoaal. As
initial evaluationthe transportation, management, and disposition optiadentified are not specificd any
single reactor type or desigiVhen more detailed information on possible origins, destinations, favorable
transport modes, and reactor definitions are known, documentationbelipdated to reflect a more detailed
framework.Furthermore, facility perations, changin@NHnventories and storage space availability can also
affect the identification oilnanagemenbptions. Many issues can affect disposition pathwaysduding
regulatory and policy changeghis report, in conjunction with future detad analyses, will allow INL and
DOENE to performin-depth analyses of the identifiettansportation and managemerptions.

Section 2 provides a general overview of microreactor transportation, management, and disposition
identifying various transportan modes and the processes involved in management and preparation for
disposition options of SNF. Section summarizes regulations relevant to reactor transportation, management,
and disposition. Section 4 discusses onsite transportation and storage @t BME Section 5 identifies

options and potential issues associated with the transportation and management of microreactor SNF at INL
and Section 7 provides the conclusions of the report

INL/EXT20-59779 September 2020 ‘
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2. OVERVIEW OF SNF TRANSPORTATION, MANAGEME
AND DISPOSITION

This setion provides a general discussion of SNF transportation management and disposition options that
may be applicable taicroreactorsntended for demonstration at INL. The discussion focuses on post
operation implications for transportation and onsikeanagement of microreactor SN ptions for

transportation via highway, railway, barge/ship, and air are considered, with repaaific transport

information, possible generic container considerations, and related cargo container asholvtie information.
Options for management address all necessary steps for SNF taalmomfiguration that is ready for shipping

to an ISFSI or permanent repositoihis includes interim storage, SNF treatment, potential material recovery,
packaging for extended dry storagetoainsport to a repository and extended dry storage.

2.1 Microreactor Transportation

A unique feature of microreactors is their small size and proposed operational mode whereby the reactor can
be operated, transported, and operated again at multiple locatioefore decommissioningA demonstration

of this unique feature of microreactor operations would provide confidendd®fability ofmicroreactorso

fulfil nicheapplication arenasor which they arebeing specificallgesigned. There are several transfation
scenarios that could be used to support a microreactor demonstration at the INL. Many of these theolve
transport of unirradiated or irradiated fuel that is still considered in service under the demonstration program.
Such scenarios lie beyondetlscope of this reporfThescenarios of interest to this report are those where the
fuel has been declared spent.

Options forthe transport ofmicroreactor SNF can be categorized under two broad scenario sets. The first set
of scenarios involvethe transportation of the microreactor SNF separataither offsite for storage or

disposal, or onsite for storagend managementn this set of scenarios, the SNF packageld require the
application of the schedules related tioe transport of fissile ad radioactive material. This scenario is
representative of the paradigm under which SNF is currently transported and represents a well characterized
scenario set for a wide variety of fuel types. The second scenario set inttevieansport of the microeactor
SNRogetherwith the reactor or within the reactor envelope. In this set of scenarios,ricroreactor

envelope would have to meet the same transport requirements, which would be met by the microreactor
design supplemented additional controls. §Bet of scenarios represents a significant paradigm shift in the
way SNF is currently transportexhd would require significant effort to achieve. Under both set of scenarios,
microreactor SNF transportation optionglude transport by highway, rail, bge or ship, and air.

2.1.1 Cargo Containers

One option for the transport of a microreactor and its components is to place the microreactor and its
components in a cargo containéihe ability of a microreactor and its components to fit in a cargo container
would be advantageous, and this capabiigyisted as an objective in the Project Pele Phase | Request for
Solutions(DoD 2019)Cargo containers are transport equipment designed and constructed to facilitate the
international and intermodal exchange of goodsid can be used for highway, rail, barge, and air transport.
They are designed to be used repeatedly and to provide security during transport. Also, their fittings readily
permit handling and transfer from one transport mode to another (TEA 200&ynational Standard 1SO 688
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(ISO 2020) contains the dimensions and ratings for cargo containersgb&sl). If the microreactor is
designed for transparbetween operations at different sites using a cargo container, it is possible that this
could provide an avenue for transport of the SNF as well.

Tablel. Cargocontainerexternal dimensions and gross weights

Freight ContaineDesignation L(?nnr%t)h \?r/r:dr:wr)] Triir%r)]t Gros(fb\./;/eight
1EE 13716 2,438 2,591 67,200
1AA 12,192 2,438 2,591 67,200
1BB 9,125 2,438 2,591 67,200
1CC 6,058 2,438 2,591 67,200

Source: ISO (2020)

2.1.2 Highway

Highway transport of SN#ecurs regularly in the U.S. and according to the NRC, from 1979 to 2007, 1,285 SNI
shipments accounting for 930,000 shipmeniles were made by highway (Garrett et al. 2010). If the
microreactor and microreactor SNF are to be transported separatelymaighransport would represent a

well characterized transportation mode. In the U.S., the federal maximum gross vehicle weight limit for trucks
is 80,000 Ib. The minimum trailer length is 48 ft and widths are limited to 102 in. There is no federal height
standard. States may set a longer length standard and impose a maximum Hegghe3 summarizes these
standards State laws and regulations set varysige and weight limits and permitting requirements for

vehicles that exceed these limits and that operate on highways and bri@g@NJ SE YLIX ST adil
standards vary between the minimum federal standard of 48 feet and 65 feet for a semitvadhécles that

exceed these dimensions and weights are known as oversize or overdimensidigised) (GAO 2015).

49 CFR 385, Subpart E contains the meguoents for hazardous materials safety permits. A highway route
controlled quantity truck shipment requires a hazardous materials safety permit (49 CFR 385.403[a]).
Operational requirements associated with this permit include a written route plan and-ariprCommercial
Vehicle Safety Alliance (CVSA) Level VI inspection. 49 CFR 397, Subpart D contains requirements for the
routing of Class 7 (radioactive) materials, including requirements for motor carriers and drivers (49 CFR
397.101) and requirements fetate routing designations (49 CFR 397.103). 49 CFR 397.101(a) contains
requirements for the routing of placarded shipments, and 49 CFR 397.101(b) contains requirements for
highway route controlled quantity shipments.

Minimum trailer length: Maximum width:
48 feet (states may set longer length standard) 8 feet, 6 inches
| —

Maximum gross ¥
vehicle weight:

Height:

80,000 No federal
pounds standard
(states may
= ral . set a maximum)

Figure3. Federal size and weight standards. (GAO 2015)
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Typical tractor-semitrailer vehicle
Trailer length: About 53 feet

Height:
About
13 feet,
6 inches

\  Width:
About 8 feet,
6 inches

Overall length: About 70 feet

Oversize vehicle and load
Exceeds state allowed trailer length

Exceeds
state
allowed
height

Exceeds state allowed overall length

Figured. Typical and oversize vehicles and loads. (GAO 2015)

For oversize and overdimension vehicles, states issue and enforce permits, and practices vary Dgld&ite.
summarizes the permitting practices for oversize and overweight vehicles. Vehicles that are extremely heavy
f2y3s gARSSE 2NJ Gt € I réldgpicallystibiegt toladditiomal melndBiNg redylirendeass. | y
summary of the permitting practices for superload vehicles by state is provided in (GAO, 2020).

Table2. Summary of permit processes for oversize and overweight vehicteg 50 states and District of
Columbia

Permit Processes Description
32 issue permits from Departments of Transportation.
Permit issuing agency In other states, Departments of Motor Vehicles,
Departments of Revenue, or others issue permits.
Permitsystem 45 offer online permit applications.

Automated routing system 23 offer automated truck routing.

44 may require escort vehicles above a certain height.
51 may require escort vehicles beyond a certain width.

Escort vehicles

Certification of escort
drivers

Source: GAO (2015)

38 do not require certification for escort drivers.

2.1.3 Rall

A second option for the transport of microreactor SNF is by rail. Rail transport of SNF has occurred in the U.S
and according to the NRC, from 1979 to 2007, 269sBiffnents accounting for 74,000 shipmentles were
made by rail (Garrett et al. 2010). In the U.S., typieaklé freight railcars have a gross rail limit of 286,000 Ib
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and a nominal capacity of about 110 toRsgure5 illustrates an example of a typicalakle freight railcar
manufactured by Kasgro Rail Corporation. Freight railcars that are acceptable for unrestricted interchange
must meet the dimensnal requirements contained in American Association of railroads (AAR) standard AAR
Standard 2056, Plate B (AAR 2017a), which limit the width of the railcar and its cargo to 10 ft 8 in. If the
microreactor and its components were shipped in an internamatainer (i.e., an ISO container), a

specialized intermodal railcar could be used.

AAR Standard-3043 (AAR 2017b) establishes performance guidelines for trains carrying SNF and/or HLW.
This standard applies to transportation in caskrying railcarshuffer cars, and railcars containing security
escorts (known as a rail escort vehicle or REV). While the use of railcars that comply with AAR Staddiard S

is not a regulatory requirement imposed by the Federal Railroad Administration, it is the expedahthe

railroads that SNF shipped to a repository or interim storage site would be moved using railcars that comply
with AAR Standard-3043. The DoD and DOE have also signed settlement agreements with three of the Clas:s
1 railroads (Union Pacific, Nolkk Southern, and the BNSF) that require the use of AAR approved equipment
to take advantage of the rates in the settlement agreements.

U.S. Navy shipments of SNF are currently being made usingamagig railcars that meet AAR Standard
S2043, and theJ.S. Navy is currently developing a REV that meets AAR Star2lad8.S'he DOE is also
developing the 12xle Atlas railcar, a buffer railcar, and aax8e railcar to meet AAR Standar@®!3 (DOE
2018).Figure6, Figure7, andFigure8 show the Atlas railcar, the buffer railcar, and the REV, respectively.
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Kasgro Rail Corporation

KRL 701 200_701 229 2650 Sival Rd NW Ramsey, IN 47166

888-203-5580 812-347-3559 FAX

758" OVER PULLING FACES

71"0" OVER STRIKERS

‘ 70’ 0" DECK LENGTH |

45" APPROX. DECK HEIGHT

SIDE MOUNT HAND BRAKE (EMPTY)
/
/ Red 'n Ready /E
—_— CENTER OF —_
60 GRAVITY - 319" 10
| 49' 0" OVER TRUCK CENTERS ‘

LENGTH OF LOAD CAR LOAD LIGHT MAXIMUM SPRING DECK DECK JOURNAL SIZE
LADING (ft LIMITS (Ibs) NUMBERS LIMITS (bs) | WEIGHTS(bs) | GROSS(bs) | TRAVEL(in) | LENGTH (fiin) | HEIGHT (ftin) | BEARING TYPE

2 187500 701200 - 224,000 62,000 286,000 31116° 0o 3o BT XT

160 ;giggg 701229 WHEEL DECK DRAFT ROLLER

1 214290 DIAMETER (in) | WIDTH (ft-in) GEAR
18 & OVER LOAD LIMIT e 0o 15 EOC

KRL 701200-701229
112 Ton - 70’ Flat Deck Car

Drawing No. A19643, Rev. B

Figure courtesy of Kasgro Rail Corporation

Figureb. Typical 4axle freight railcar.
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Figure6. Atlas railcar with test weights.

Figure?. Buffer railcar.
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Figure8. Rail escort vehicle.

2.1.4 Barge

A third option for the transport of microreactor SNF is by barge or ship. Transport of SNF by bsiripehars
occurred in the L& For example, lightly irradiated fuel has been shipped from the Shoreham nuclear power
plant site to the Limerick nuclear power plant site using a barge. In addition, foreign research reactor SNF is
routinely shipped to the &. by ship. The transport of large components, such as reactor pressure vessels,
steam generators, and pressurizers, by barge to and from nuclear power plant sites is also routinely done in
the US

The U.S. Coast Guard (USCG) has publidaeidationand Vessel Inspection Circular Ne82, Domestic

Barge Transportation of Radioactive Materials/Nuclear WA3I®CG 1987). This circular references American
National Standards Institute (ANSI) Standard N1-4285, Highway Route Controlled Quantities of

Radio&tive Materialsg Domestic Barge Transport, which identifies the organizations, equipment, operations,
and documentation involved in barge shipments of radioactive materials between U.S. ports by inland
waterways and in coastwise and ocean service. Theddtd includes requirements pertaining telsction of

the cask, barge, and towing vessartification and documentationradiological and nomadiological

operations insurance emergency planningnd physical protection and security of the shipmelttshould be
noted that aCoast Guargissued Certificate of Inspection (COI) is required to move hazardous maksrials
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barge, including Class 7 Radioactive Mateaatl 90percentof barges do not have a C@kldman et al.
2019)

2.1.5 Air

A fourth option for the transport of a microreactor and its components is by air. In addition, the Project Pele
Phase | Request for Solutions specified that the mobile nuclear reactor developed under Project Pele be
transportable in a single-C7 aircraft.Table3 lists the design limits for equipment to be transportable in the
G17.

Table3. G17 Transportability design limits
Heidht 142 inches

196 inches

Width 204 inches if the height is less than 136

inches

784 inches (cargo deck)

238 inches (ramp)

167,400 Ib

Maximum payload 130,000 Ib (for a range of 3,200 nautical
miles)

Source: TEA (2005)

Length

2.2 Microreactor Managementand Disposition

Management of SNiRcludes all processes necessary to suppiuetsafe and secure storage of tiENFn a
configuration that is ready for shipping to an ISFSI or permanent repository. This inttlad@g interim

storage for the dissipatin of heat and reduction of radiation dose immediately after discharge, (2) treatment
of reactive materials and damaged fuel, (3) potential recovery of transuranic (TRU) material (if desirable or as
a result of treatment processes), (4) packaging for edéehdry storage or transport to a repository, (5)

extended dry storage while awaiting packaging or transport to a repository, and (6) transport to a repository.
Disposition refers to the permanent disposal of the SNgure9 shows how these processes are related
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Microreactor SNF

}

Interim Storage
|

Treatment
I Material Recovery
v A 4
Repackaging < —p  Extended dry storage
| |
Disposition

Figure9. Processes for the managementrofcroreactorSNF.

Two options exist for SNF storage: wet storage and dry storage. Wet storage is typically used immediately
after the fuel is discharged from the reactor, when the radiation doseleal generation rates are very high.
Reactor and spent fuel pools are typicallylooated with the reactor and used in normal reactor operations
such as refueling. With most microreactors proposing modular operation in which fuel is loaded and unloadec
only in the manufacturing facility, it is unlikely thext out-of-core wet storage capacity will be provided in
commercial microreactor designs. Wet facilities may be necessatidalisassembly and handling of

prototype and/or demonstration microreacter After a period of cooling, the SNF can be transferred to dry
storage. Dry storage facilities may include, hot cellpuiiding or underground dry storage vaults, or
multipurpose dry storage and transportation casks. Modular microreactor design nmagenan integral

shielding package that mesthe functional criteria for dry storage and transportation. If the microreactor
design is not compatible with interim storage and transportatiadditional capabilities will have to be
developed for the intern and extended drgtorageof microreactor SNH.he SNF is required to be stored

using a design that 1) assures subcriticality, 2) maintains the fuel as integral units that can be individually be
handled for repackaging, 3) provides structthat is ableto confine the radioactive material to preveat

release to the environment in operational and accident conditions, 4) provides thermal control to dissipate
KSIO GKFEG O2dzZ R ROSNASt & | FFSOG G(GKS aeadi®wa 02
minimize personnel dose to levels acceptable in storage and transportdNiR€ (199)/ Dry storage design
requirements depend omariousfactors including radiation dose and heat generation rates, the physical
condition of the fuel, criticality potential (enrichment, burnup, and geometry), and chemical reactivity. These
factors also influence preconditioning and monitoring that may be requiredreedr during dry storage.

Some microreactor fuel types may require processing to remove reactive materials (as in the case of
sodium/potassiurrfbonded fuels), decrease the final repository load (graphite matrix fuels) and/or foster
material recovery. Sugbrocessing will produce various waste streams that will be dealt with separately from
the SNF.
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Material recovery as part of themanagemenpathway of commercial microreactor SNF is unlikely but remains
a possibility for any DOG&wned SNIgenerated at INL in microreactor technology demonstrations. Material
recovery may prove desirable for several reasons: (1) recovery of valuable isotopes in microreactor SNF,
(2) microreactor SNF could provide unigressearch and developmempportunitiesas feed stock in the
demonstration of various conditioning technologies, (3) implemented as a resihié dfeatment of

microreactor SNF (for example pyroprocessing of soebomded fuels), and (4) reduction of the volume of
microreactor SNF requiring gigsal in a permanent repository.

As with all spent nuclear fuels at preserttetquestion of permanent disposition of microreactor SNF is

directly dependent on the identification and licensing of a permanent repository for SNF in the United States.
Howeve, given the diversity of existing SNF that must be prepared and packaged for direct disposal, it is not
anticipated that microreactor fuels will pose any new challenges.

3. REGULATIONRELEVANT TORANSPORTATION
MANAGEMENTANDDISPOSITIONF
MICROREACTORS

This section summarizes the regulations relevarthtransportation managementand disposition of
microreactor SNF and associatedlioactivewastes. Outlines of relevant regulations are provided primarily on
U.S. Department of TransportatigpO7T and NRC requirements for transportation and DOE, NRCthaend

U.S. Environment Protection Agen&P@ requirements formanagement andlisposition. For transportation,
the focus is on fissile material packages and Type B packelgeb are expected to be nsd applicable to the
transport of the fuel and/or a fueled microreactor before and after irradiation.

3.1 Regulations Relevant to Transportation of Microreactors

The regulations relevant to microreactor transportation options @eorded aschedulesn the mde of

federal regulationsThe schedules contain specific regulatory requirements for the transport of fissile material
packages and Type B packages. Schedules for common provisions of transportation regulations and
radioactive material package design aedtingalso apply.

The schedules do not include the requirementsléaw specific activitghipments surface contaminated
objectshipments, uranium hexafluoride shipments, import and export shipments, shipments by passenger
aircraft, or special form spiments (i.e., shipments were assumed to be normal form) because these types of
shipments are unlikely to be relevant to microreactor shipments. In addition, requirements for Industrial
Packages (IP) (i.e.;1RIR2, and IP3) or empty packages are nadted because these packages are not likely

to be relevant to microreactor shipments. The NRC physical protection requirements specified in 10 CFR Par
37 are also not listed because these requirements are unlikely to be relevant to microreactor shipments
containing irradiated fuel. However, this assumption will be revaluated when more detailed information is
available on the activation of the microreactor structural material for the case where the microreactor is
defueled and the irradiated fuel and the miceactor are shipped separately.

The key schedules dealing with the transportation of fissile material packages and radioactive materials are
contained in 49 CFR 1®&8ibpart Wwhich deals are DOT regulations on transportation of radioactive materials
and10 CFR 71 which captures NRC regulatiorgaskaging and transportation of radioactive material
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general, the schedules are organized into sections on materials, packaging/package, radiation, contaminatior
decontamination, mixed content, loading anelggegation, marking and labeling, placarding, transport
documents, storage and dispatch, carriage, and other provisammgrious form of transportationThis is the

same for Type B packages, which at present appears to be the most likely packagedorauvior fuel
transportation. The military has additional requirements for the shipment of fissile material and Type B
packages.

3.2 Regulations Relevant to Management of Microreactor SNF

The regulations relevant to the storage of microreactor SNF are redaad schedules in the code of federal
regulations. The key schedules dealing with the storage of SNF is 10 CFR 72 which deals with the packaging
storage of SNF, HLW, and reaetelated greater than class C waste. The schedule is organized intonseatio
general provisions, license applications, issuance and conditions of license, records, reports, inspections, &
enforcement, siting evaluation factors, general design criteria, quality assurance, physical protection, trainin
and certification of pesonnel, sorageinstallationinformation to state governments and Indian tribes, general
license for storage of spent fuel at power reactor sites and approval of spent fuel storage casks. In addition, I
manages SN accordance with the numerous DOE Records of Decision (ROD) and Environmental Impe
Statements (EIS) on SNF management, includingtheN2 I NI YY I G A O { LISy G b dzOf SI N
National Engineering Laboratory Environmental Restoration and W& a | y I 3 S Y S.yThis RODR 3
records a épartmentwide decisioron for DOEowned SNF management andntainsdecisions dealing with
site-wide environmental restoration and wastmanagement programs afL. Thesedecisions include the
continuation of environmental restoration activitieslevelopment of coseffectivetreatment technologies for
SNFand waste management; anthplementation of projects and facilitige prepare waste and treaSNHor
interim storage and finadisposition(DOE1995a).

3.3 Raulations Relevant to Final Disposition of Microreactor SNF and
Other Radioactive Wastes

The regulations relevant to the final disposition of SNF and HLW are contained in 40 CFR 197 and 10 CFR 6
the disposal of SNF and HLW at the Yucca Mountainrsite4® CFR 191 and 10 CFR 60 for disposal at sites
other than Yucca Mountain. The EPA regulations are organized into sections on public health and
environmental standard®r storage, public health and environmental standards for disposal, and ground
water protection standards.

10 CFR 60 and 10 CFR 63 have sections on general provisions, licenses, participation by state governments
affected Indian tribes, records, reports, tests, and inspections, technical criteria, performance confirmation
program, qudity assurance, training and certification of personnel, emergency planning criteria, and
violations. In addition, 10 CFR 63 has preclosure public health and environmental standards, postclosure put
health and environmental standards, postclosure irglinal protection standard, humaimtrusion standards,
groundwater protection standards, and additional provisions

DOE Order 435 contains the DOE requirements for the management of radioactive materials. The associatec
DOE manualescribes the requirementsd specific responsibilities for implementing DOE O 435.1,
Radioactive Waste Management, for the management of DOE|l&ngh waste, transuranic waste, lelevel

waste, and the radioactive component of mixed wadthis order sets the requirements for theanagement

INL/EXT20-59779 September 2020 ‘



Microreactor Spent Nuclear Fuel Transportation, Management, and % NR'C m

Disposition Options

of HLW, LLW, TRU waste, and other radioactive waste generated from microreactors at INL. The manual
contains sections on definitions, management of specific wastes, comptiexhighlevel waste management
program, sitewide radioactive waste nreagement program, radioactive waste management basis, quality
assurance program, contingency actions, corrective actions, waste acceptance, waste generation planning,
waste characterization, waste certification, waste transfer, packaging and transportatierevaluation and
facility design, storage, treatment, disposal, monitoring, closure and specific operations.

4. MICROREACTOR SIRANSPORTIONANDSTORAGE
AT INL

This section discussessite microreactor SNffansportation and storage at INL. For tsgortation, the

emphasis is on the process through which a transportation plan can be prepared and revised for hazardous
material transport, which would apply to advanced reactor and microreactor SNF and related radioactive
materials. For storage, the sémh details existing INL facilities used for the storage and management of the
current INL SNF inventowhich could potentially be used for management of microreactor. SNF

4.1 Microreactor Transportation at INL

For onsite transport at DOE sites, DOE OrderMB@llows for the preparation of a Transportation Safety
Document to demonstrate equivalent safety for deviations from hazardous materials transportation
requirements. The INL Transportation Safety Document (INL 2017) describes the INL packaging and
trangportation program and explains the methodology for complying with the rules, laws, and regulations
governing onsite and offsite transportation functions at the INL site. The INL Transportation Safety Document
addresses manizational structure and respobdlities, transport regulationsste-specific standards,

procedures, and instructionsafety assessment methodologgputine and ronroutine shipmentspersonnel
gualification and trainingdocumentation and recordkeepingcident reporting and emergenagsponseand
transport vehicle operation.

Nonroutine shipmentsare ipments that do not fully comply with DOT hazardous material requlatods
require thepreparationof a Transport Plan. Cases that require the preparation of Transport Plans include
variations to packaging requirements (suchtlas use of a packaging not authorized by DOT for shipping the
material), packaging limits (such as radiation or contamination limits), and any other DOT requirements that
cannot be met. The INL Transportation $afdocument requires that Transport Plans identify, as applicable,
the specific DOT requirement(s) not met, hazard category, safety analysis, technical safety requirements,
administrative controls, hazard controls, engineered barriers, andnsitigatingconditions that ensure a level

of safety equivalent to that afforded by DOT requirements for routine shipmé&igsirel0 shows the process
flow for developing a new &msport plan. INallows an alternative to preparing Transport Pléors

nonroutine shipments. This alternative consists of preparing a Documented Safety Analysis that includes
transportation activities at nonreactor nuclear facilities. If the Documente@tg Analysis addresses all
transportation hazards and controls necessary to provide safety equivalent to DOT regulations, then the
requirements of DOE Order 460.1D are met and a Transport Plan is not required for the transportation of the
material covere by the Documented Safety Analysis. The INL repaigty Analysis Report for ItHdL and

MFC InteiFacility TransferdNL 2019b) is an example of a Documented Safety Analysis prepared in lieu of a
Transport Plan. The technical safety requirementswetifrom INL (2019b) are contained in the INL report
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Technical Safety Requirements for Ak and MFC Intdfacility TransferdNL 2019c)An example of an
approved container/payloatbr INL intrafacility transfers betweeithe Idaho Nuclear Technolognd
Engineering CentdfiNTECandthe Materials and Fuels Compl@MFQ is theNAGLWT transportation cask
containing Materials Test Reactor (MTR) canisters (INL 2019d).

In terms of potential sites at the INL for an advanced reactor or microreactor demadion, INL has

evaluated 32 sites and has identified nine preferred locations on the INL (Connor et al.@202@jte is

located at the INTEC, five of these sites are located at or near the MFC, two sites are located in the vicinity o
the Central Fabties Area (CFA), and one site is located near the Advanced Test Reactor (ATR).@omplex
should be noted that CFA is connected to the national rail network through the Union Pacific Railroad Macka
Branch Line and the Scoville Spur, located in thersmatpart of the INL site. A D&@k/ned railroad track

connects the Scoville Spur to CFA and to INTEC (Griffith and Holland 2015). None of the other locations hav:
rail access. This would make truck a more viable mode of transport between most of thergiefees

identified in Connor et al. (2020).
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FigurelO. Process flowfor developingand revisingransport plans
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